Swelling of multicellular spheroids induced by hyperthermia.
EMT6 multicellular spheroids invariably swell by 10 to 50 per cent after incubation at 43 to 45 degrees C for 1 h. Both scanning electron and optical microscopy reveal morphological alterations particularly in the outer region of the spheroids. While the control cells are contiguous to one another and tightly held to the spheroid body, the heated spheroids exhibit partially disrupted contacts among cells. Measurements of intercellular volume and water volume of spheroids with labelled water and inulin show that changes in the spheroid volume are not due to an increase in cell volume, but that they can be explained by a 60-100 per cent increase in the intercellular space within a spheroid. Continuous observation of individual spheroids heated to 43-45 degrees C shows loss of adhesion of cells in the outer region and even detachment of a few surface cells. This 'melting' of the spheroid surface appears to result from a disorder in the extracellular material. Treatment with cell swelling agents such as hypotonic solution, ouabain, excess extracellular potassium ions, or ionophore nigericin, K+/H+ exchanger, each separately causes the spheroids to swell at the control temperature. On the other hand, A23187, Ca2+ ionophore, causes shrinkage of the spheroids. Thus, under hyperthermia, the volume of spheroids increases due to the disruption in the cell organization in their outer region.